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Ⱥɧɧɨɬɚɰɢя: Ɉɩɢɫɚɧ ɚɥɝɨɪɢɬɦ ɧɚɯɨɠɞɟɧɢɹ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɥɢɧɟɣɧɵɯ 
ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɦɨɞɟɥɟɣ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɦɨɞɭɥɟɣ. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɢɝɪɵɜɚɟɬ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɜɟɫɬɧɵɦ ɩɟɪɟɛɨɪɧɵɦ ɚɥɝɨɪɢɬɦɨɦ. ɉɪɢɜɟɞɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɢ ɢɡɜɟɫɬɧɨɝɨ ɚɥɝɨɪɢɬɦɨɜ. Ɉɩɢɫɚɧ ɩɪɢɦɟɪ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ. 
Abstract: An algorithm for finding the exact solution of the problem of estimating the parameters of linear 
regression models by the method of least absolute deviations is described. This algorithm significantly wins in 
comparison with the known search algorithm. Comparative characteristics of the proposed and known 
algorithms are given. An example of practical implementation of the algorithm is described. 
Ключевые слова: ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɦɨɞɭɥɟɣ; ɥɢɧɟɣɧɚɹ ɪɟɝɪɟɫɫɢɨɧɧɚɹ ɦɨɞɟɥɶ; ɚɥɝɨɪɢɬɦ; ɨɰɟɧɤɚ.  
Key words: the method of least absolute deviations; linear regression model; algorithm; estimation. 
ȼȼȿȾȿɇɂȿ 
Ɉɞɧɨɣ ɢɡ ɬɢɩɨɜɵɯ ɡɚɞɚɱ ɩɪɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɨɰɟɧɢɜɚɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɥɢɧɟɣɧɨɣ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ  ݕ = 𝑋𝑎 + 𝜀, (1) 
ɝɞɟ y― ɜɟɤɬɨɪ ɧɚɛɥɸɞɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɡɚɜɢɫɢɦɨɣ 
ɩɟɪɟɦɟɧɧɨɣ; 𝑋 = {ݔ௜௝}௡×௠― ɦɚɬɪɢɰɚ ɡɧɚɱɟɧɢɣ 
ɨɛɴɹɫɧɹɸɳɢɯ (ɧɟɡɚɜɢɫɢɦɵɯ) ɩɟɪɟɦɟɧɧɵɯ; 𝜀 ― 
ɜɟɤɬɨɪ ɫɥɭɱɚɣɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ (ɨɲɢɛɨɤ) 
ɢɡɦɟɪɟɧɢɣ; 𝑎 ― ɜɟɤɬɨɪ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɪɟɫɫɢɢ. 
ɋɪɟɞɢ ɩɪɢɤɥɚɞɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɩɨɫɬɪɨɟɧɢɹ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɧɚɢɛɨɥɶɲɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɆɇɄ). ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɆɇɄ ɬɪɟɛɭɟɬ ɜɵɩɨɥɧɟɧɢɹ ɪɹɞɚ ɩɪɟɞɩɨɫɵɥɨɤ, 
ɧɚɡɵɜɚɟɦɵɯ ɭɫɥɨɜɢɹɦɢ Ƚɚɭɫɫɚ-Ɇɚɪɤɨɜɚ [1, 2]. 
ɉɪɢ ɢɯ ɜɵɩɨɥɧɟɧɢɢ ɆɇɄ-ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɢ (1) ɹɜɥɹɸɬɫɹ ɫɨɫɬɨɹɬɟɥɶɧɵɦɢ ɢ 
ɧɟɫɦɟɳɟɧɧɵɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ ɫɥɭɱɚɣɧɵɟ 
ɨɲɢɛɤɢ ɢɦɟɸɬ ɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɬɨ ɆɇɄ-ɨɰɟɧɤɢ ɫɬɚɧɨɜɹɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ. 
Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɆɇɄ ɩɪɢ ɧɚɪɭɲɟɧɢɢ 
ɭɫɥɨɜɢɣ Ƚɚɭɫɫɚ-Ɇɚɪɤɨɜɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɡɧɚɱɢɬɟɥɶɧɵɦ ɨɲɢɛɤɚɦ ɩɪɢ ɨɰɟɧɢɜɚɧɢɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ [3, 4]. 
 
ɆȿɌɈȾɂɄȺ Ɋȿɒȿɇɂə 
 
ɋ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɰɟɧɨɤ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɬɤɥɨɧɟɧɢɣ ɫɥɭɱɚɣɧɵɯ ɨɲɢɛɨɤ ɨɬ 
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ɝɚɭɫɫɨɜɨɣ ɦɨɞɟɥɢ ɪɚɡɪɚɛɨɬɚɧ ɪɹɞ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ. Ⱦɚɧɧɵɟ ɦɟɬɨɞɵ ɨɫɧɨɜɚɧɵ ɧɚ ɛɨɥɟɟ 
ɨɛɳɢɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɭɱɚɣɧɵɯ 
ɨɲɢɛɨɤ. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 
ɧɚɢɦɟɧɶɲɢɯ ɦɨɞɭɥɟɣ (ɆɇɆ) [5]. ɆɇɆ ɞɥɹ 
ɡɚɞɚɱɢ (1) ɢɦɟɟɬ ɜɢɞ 𝑎∗ = argmin𝑎భ,⋯,𝑎𝑚 ∑ |ݕ௜ − ∑ 𝑎௝ݔ௜௝௠௝=ଵ |௡௜=ଵ ,    (2) 
ɝɞɟ 𝑎∗ = ሺ𝑎ଵ∗, 𝑎ଶ∗ , ⋯ , 𝑎௠∗ ሻ ― ɜɟɤɬɨɪ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ (1). 
ɂɡɜɟɫɬɧɵɣ ɬɨɱɧɵɣ ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (2), 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɟɪɟɛɨɪɟ ɜɫɟɯ ɭɡɥɨɜɵɯ ɬɨɱɟɤ [6] 
ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ C୬୫ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɨɪɹɞɤɚ m. ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɡɞɟɫɶ 
ɧɟ ɡɧɚɱɢɬɟɥɶɧɵ. Ɉɞɧɚɤɨ ɫ ɪɨɫɬɨɦ n ɢ m 
ɧɚɛɥɸɞɚɟɬɫɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɪɨɫɬ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, 
ɧɚɩɪɢɦɟɪ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɥɢɲɶ 
ɱɚɫɬɢɱɧɨ ɪɟɲɚɟɬ ɭɤɚɡɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɡɚ ɫɱɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ, ɩɪɢɜɨɞɹ ɤ 
ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɫɥɨɠɧɟɧɢɸ ɪɟɚɥɢɡɚɰɢɢ ɢ 
ɭɞɨɪɨɠɚɧɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
Ɋɚɫɫɦɨɬɪɢɦ ɚɥɝɨɪɢɬɦ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (2), 
ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɢɝɪɵɜɚɸɳɢɣ ɩɨ ɨɛɴɟɦɭ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɟɪɟɛɨɪɧɵɦ ɚɥɝɨɪɢɬɦɨɦ. 
Ⱥɥɝɨɪɢɬɦ ɨɫɧɨɜɚɧ ɧɚ ɫɩɭɫɤɟ ɤ ɬɨɱɧɨɦɭ ɪɟɲɟɧɢɸ, 
ɞɜɢɝɚɹɫɶ ɜɞɨɥɶ ɩɪɹɦɵɯ ݈, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟɦ (m1) ɪɚɡɥɢɱɧɵɯ 
ɝɢɩɟɪɩɥɨɫɤɨɫɬɟɣ 𝑝௜ , ɤɨɬɨɪɵɟ ɩɨɫɬɪɨɟɧɵ ɩɨ ɞɚɧɧɵɦ ɢɡ ɜɵɛɨɪɤɢ: 𝑝௜ :  ݕ௜ −∑ 𝑎௝ݔ௜௝௠௝=ଵ = Ͳ, ݈ሺ௞భ,⋯,௞𝑚−భሻ ∶  ⋂ 𝑝௜௞𝑚−భ௜=௞భ  , ௝݇ ∈ {ͳ,ʹ,⋯ , ݊}. 
ȼ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɛɟɪɟɬɫɹ 
ɩɪɨɢɡɜɨɥɶɧɚɹ ɭɡɥɨɜɚɹ ɬɨɱɤɚ, ɹɜɥɹɸɳɚɹɫɹ 
ɩɟɪɟɫɟɱɟɧɢɟɦ m ɝɢɩɟɪɩɥɨɫɤɨɫɬɟɣ 𝑝௞భ , ⋯ , 𝑝௞𝑚 . ɂɫɤɥɸɱɢɜ ɨɞɧɭ ɢɡ ɝɢɩɟɪɩɥɨɫɤɨɫɬɟɣ, ɩɨɥɭɱɢɦ 
ɩɪɹɦɭɸ ݈. ȼ ɥɸɛɨɣ ɭɡɥɨɜɨɣ ɬɨɱɤɟ ɦɨɠɧɨ 
ɩɨɫɬɪɨɢɬɶ m ɬɚɤɢɯ ɭɡɥɨɜɵɯ ɩɪɹɦɵɯ. ȼɵɛɟɪɟɦ ɬɭ, 
ɜɞɨɥɶ ɤɨɬɨɪɨɣ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɞɨɫɬɢɝɚɟɬ 
ɧɚɢɦɟɧɶɲɟɝɨ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɨɟ ɜɫɟɝɞɚ ɛɭɞɟɬ 
ɞɨɫɬɢɝɚɬɶɫɹ ɜ ɨɞɧɨɣ ɢɡ ɭɡɥɨɜɵɯ ɬɨɱɟɤ. ɇɚɣɞɹ ɷɬɭ 
ɬɨɱɤɭ, ɩɪɨɞɨɥɠɢɦ ɞɜɢɠɟɧɢɟ ɢɡ ɧɟɟ ɩɨ ɬɨɦɭ ɠɟ 
ɩɪɢɧɰɢɩɭ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɭɞɟɬ ɧɚɣɞɟɧɚ ɭɡɥɨɜɚɹ 
ɬɨɱɤɚ, ɫɩɭɫɤ ɢɡ ɤɨɬɨɪɨɣ ɧɟɜɨɡɦɨɠɟɧ. ɂ ɷɬɚ 
ɭɡɥɨɜɚɹ ɬɨɱɤɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɬɨɱɧɵɦ ɪɟɲɟɧɢɟɦ 
ɡɚɞɚɱɢ (2). ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɪɟɲɟɧɢɹ ɜɵɬɟɤɚɟɬ ɢɡ 
ɜɵɩɭɤɥɨɫɬɢ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 𝑄ሺ𝑎ሻ =∑ |ݕ௜ −∑ 𝑎௝ݔ௜௝௠௝=ଵ |௡௜=ଵ . 
ɉɨɹɫɧɢɦ ɷɬɨɬ ɚɥɝɨɪɢɬɦ, ɢɫɩɨɥɶɡɭɹ ɪɢɫ. 1. ȼ 
ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɜɵɛɟɪɟɦ ɬɨɱɤɭ H. ɑɟɪɟɡ 
ɧɟɟ ɩɪɨɯɨɞɹɬ ɩɪɹɦɵɟ I ɢ II. ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ 
ɩɪɹɦɭɸ I. ɋɪɟɞɢ ɭɡɥɨɜɵɯ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɧɚ 
ɷɬɨɣ ɩɪɹɦɨɣ, ɜɵɛɢɪɚɟɦ ɬɭ, ɜ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ 
ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ (ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɫɩɭɫɤ ɩɨ ɩɪɹɦɨɣ). 
ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɬɚɤɨɣ ɬɨɱɤɨɣ ɹɜɥɹɟɬɫɹ ɬɨɱɤɚ C. 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɹɦɭɸ II. ɋɩɭɫɤɚɹɫɶ ɩɨ ɩɪɹɦɨɣ II, 
ɧɚɯɨɞɢɦ ɧɚ ɧɟɣ ɬɨɱɤɭ, ɜ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ 
ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. ɉɭɫɬɶ, ɧɚɩɪɢɦɟɪ, ɷɬɚ 
ɬɨɱɤɚ L. Ⱦɚɥɟɟ, ɫɪɚɜɧɢɜɚɹ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ ɜ ɬɨɱɤɚɯ C ɢ L, ɜɵɛɢɪɚɟɦ ɬɭ, ɜ ɤɨɬɨɪɨɣ 
ɞɨɫɬɢɝɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. ɉɭɫɬɶ, 
ɧɚɩɪɢɦɟɪ, ɷɬɚ ɬɨɱɤɚ C. ɑɟɪɟɡ ɧɟɟ ɩɨɦɢɦɨ ɩɪɹɦɨɣ I 
ɩɪɨɯɨɞɢɬ ɩɪɹɦɚɹ III. ɇɚ ɷɬɨɣ ɩɪɹɦɨɣ ɧɚɯɨɞɢɦ 
ɨɱɟɪɟɞɧɭɸ ɬɨɱɤɭ, ɜ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ 
ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ. ɉɭɫɬɶ 
ɬɚɤɨɣ ɬɨɱɤɨɣ ɹɜɥɹɟɬɫɹ D. Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɧɚ ɜɬɨɪɨɣ 
ɩɪɹɦɨɣ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ D, ɬɨɱɤɨɣ ɦɢɧɢɦɭɦɚ 
ɹɜɥɹɟɬɫɹ ɫɚɦɚ ɬɨɱɤɚ D, ɬɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ 
ɜɵɛɢɪɚɟɦ ɬɨɱɤɭ D, ɜ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬɫɹ 
ɦɢɧɢɦɭɦ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ (ɟɫɥɢ ɛɵ ɧɚɲɥɚɫɶ 
ɞɪɭɝɚɹ ɬɨɱɤɚ ɦɢɧɢɦɭɦɚ ɧɚ ɷɬɨɣ ɩɪɹɦɨɣ, ɬɨ ɢɡ ɧɟɟ 
ɩɪɨɞɨɥɠɢɥɢ ɛɵ ɞɚɥɶɧɟɣɲɢɣ ɫɩɭɫɤ).  
 
Ɋɢɫ 1. ɋɩɭɫɤ ɩɨ ɭɡɥɨɜɵɦ ɩɪɹɦɵɦ 
Ⱦɜɢɝɚɹɫɶ ɜɞɨɥɶ ɩɪɹɦɵɯ ݈, ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɭɡɥɨɜɵɯ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɧɚ ɷɬɨɣ ɩɪɹɦɨɣ, ɦɵ 
ɤɚɠɞɵɣ ɪɚɡ ɪɟɲɚɟɦ  ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ 
(ɋɅɍ) ɩɨɪɹɞɤɚ m. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɋɅɍ ɞɜɭɯ 
ɪɚɡɥɢɱɧɵɯ ɭɡɥɨɜɵɯ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɧɚ 
ɨɞɧɨɣ ɩɪɹɦɨɣ (݈ሺ௞భ,⋯,௞𝑚−భሻ), ɨɬɥɢɱɚɸɬɫɹ ɥɢɲɶ ɨɞɧɢɦ ɭɪɚɜɧɟɧɢɟɦ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ ɨɧɢ  ɢɦɟɸɬ  
ɜɢɞ 
{  
  𝑝ሺ௞భሻ = Ͳ𝑝ሺ௞మሻ = Ͳ⋯𝑝ሺ௞𝑚−భሻ = Ͳ𝑝ሺ௞೔ሻ = Ͳ    ɢ   {  
  𝑝ሺ௞భሻ = Ͳ𝑝ሺ௞మሻ = Ͳ⋯𝑝ሺ௞𝑚−భሻ = Ͳ𝑝(௞ೕ) = Ͳ , 
ɝɞɟ ݇௜, ௝݇  {݇ଵ, ݇ଶ,⋯, ݇௠−ଵ} ɢ  ݇௜ ≠ ௝݇. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɚɥɝɨɪɢɬɦɚ ɫɩɭɫɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɫɹ, ɟɫɥɢ  
ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɭɡɥɨɜɵɯ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɧɚ 
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ɩɪɹɦɨɣ  ݈ሺ௞భ,⋯,௞𝑚−భሻ ɦɵ ɧɚɣɞɟɦ ɪɚɡɪɟɠɟɧɧɭɸ ɦɚɬɪɢɰɭ ɋɅɍ ɷɬɨɣ ɩɪɹɦɨɣ ɢ, ɢɫɩɨɥɶɡɭɹ ɟɟ, ɪɟɲɢɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ 𝑝ሺ௞೔ሻ = Ͳ, ɝɞɟ  ݇௜  
{݇ଵ, ݇ଶ,⋯, ݇௠−ଵ}. 
Ɋɚɫɲɢɪɟɧɧɚɹ ɦɚɬɪɢɰɚ ɋɅɍ ɩɪɹɦɨɣ ݈ሺ௞భ,⋯,௞𝑚−భሻ ɢɦɟɟɬ ɜɢɞ 𝐴௟ሺೖభ,⋯,ೖ𝑚−భሻ = ቌ ݔ௞భଵݔ௞మଵ … ݔ௞భ௠ ݕ௞భ… ݔ௞మ௠ ݕ௞మ…ݔ௞𝑚−భଵ … …… ݔ௞𝑚−భ௠ ݕ௞𝑚−భቍ. 
 
ɉɪɢɦɟɧɢɜ ɚɥɝɨɪɢɬɦ ɩɪɹɦɨɝɨ ɯɨɞɚ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ,  
ɜɦɟɫɬɨ ɢɫɯɨɞɧɨɣ ɪɚɫɲɢɪɟɧɧɨɣ ɦɚɬɪɢɰɵ 
ɩɨɥɭɱɢɬɫɹ ɬɪɚɩɟɰɢɟɜɢɞɧɚɹ: 𝐴௟ሺೖభ,⋯,ೖ𝑚−భሻ′ = ( 
ͳ ݔ௞భଶ,Ͳ ͳ … ݔ௞భ௠, ݕ݇ͳ′… ݔ௞మ௠, ݕ݇ʹ′… …Ͳ Ͳ … …… ͳ ݔ௞𝑚−భ௠, ݕ݇݉−ͳ′ ) . 
ɂɫɩɨɥɶɡɭɹ ɪɚɡɪɟɠɟɧɧɭɸ ɦɚɬɪɢɰɭ 𝐴௟ሺೖభ,⋯,ೖ𝑚−భሻ′  ɦɵ ɛɵɫɬɪɟɟ ɧɚɯɨɞɢɦ ɜɫɟ ɭɡɥɨɜɵɟ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ 
ɥɟɠɚɬ ɧɚ ɩɪɹɦɨɣ ݈ሺ௞భ,⋯,௞𝑚−భሻ. 
ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɫɩɭɫɤɚ 
ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɧɚɩɪɚɜɥɟɧɢɟ 
ɫɩɭɫɤɚ. ɉɨɹɫɧɢɦ ɤɚɤ.  
ɍɩɨɪɹɞɨɱɢɜɚɟɦ ɜɫɟ ɭɡɥɨɜɵɟ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ 
ɧɚ ɨɞɧɨɣ ɩɪɹɦɨɣ, ɢ ɜɵɩɨɥɧɹɟɦ ɜɵɲɟɨɩɢɫɚɧɧɵɣ 
ɚɥɝɨɪɢɬɦ ɫɩɭɫɤɚ, ɧɨ ɫ ɭɱɟɬɨɦ ɧɚɩɪɚɜɥɟɧɢɹ. ȿɫɥɢ 
ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɣ ɭɡɥɨɜɨɣ 
ɬɨɱɤɢ ɤ ɞɪɭɝɨɣ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɬɨ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɡɧɚɱɟɧɢɟ 
ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɜɨ ɜɫɟɯ 
ɭɡɥɨɜɵɯ ɬɨɱɤɚɯ (ɜɵɬɟɤɚɟɬ ɢɡ ɜɵɩɭɤɥɨɫɬɢ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ). ɇɚɡɨɜɟɦ ɬɚɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ "ɩɥɨɯɢɦ". 
Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɩɭɫɤɚ, ɞɨ ɜɵɱɢɫɥɟɧɢɹ 
ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜ ɨɱɟɪɟɞɧɨɣ ɭɡɥɨɜɨɣ 
ɬɨɱɤɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɧɚɩɪɚɜɥɟɧɢɟ ɫɩɭɫɤɚ. ȿɫɥɢ 
ɨɧɨ "ɩɥɨɯɨɟ", ɬɨ ɩɟɪɟɯɨɞɢɦ ɤ ɫɥɟɞɭɸɳɟɣ ɬɨɱɤɟ 
ɛɟɡ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜ 
ɞɚɧɧɨɣ ɭɡɥɨɜɨɣ ɬɨɱɤɟ.  
Ɍɚɛɥɢɰɚ 1. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɨɜ (ɜ ɫɟɤ.) ɩɪɢ m=5 - ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɦɟɧɧɵɯ ɢ N=100 - 
ɱɢɫɥɨ ɢɫɩɵɬɚɧɢɣ 
n - ɨɛɴɟɦ 
ɜɵɛɨɪɤɢ  
ɉɟɪɟɛɨɪɧɵɣ 
ɚɥɝɨɪɢɬɦ 
Ⱥɥɝɨɪɢɬɦɵ ɫɩɭɫɤɚ ɩɨ ɭɡɥɨɜɵɦ ɬɨɱɤɚɦ 
Ɉɛɵɱɧɵɣ ɫɩɭɫɤ 
ɋɩɭɫɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɪɟɠɟɧɧɵɯ ɦɚɬɪɢɰ 
ɋɩɭɫɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɚɡɪɟɠɟɧɧɵɯ ɦɚɬɪɢɰ 
ɢ ɫ ɭɱɟɬɨɦ 
ɧɚɩɪɚɜɥɟɧɢɹ ɫɩɭɫɤɚ 
30 625 5.6 4.5 3.94 
100 353418 34.14 24 20.5 
300 92011252 152.74 101 78.7 
 
ȼ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ R ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 
ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɪɟɚɥɢɡɭɟɬ ɩɟɪɟɛɨɪɧɵɣ 
ɚɥɝɨɪɢɬɦ ɢ ɚɥɝɨɪɢɬɦɵ ɫɩɭɫɤɚ ɩɨ ɭɡɥɨɜɵɦ ɬɨɱɤɚɦ. 
Ⱦɚɧɧɵɟ ɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɞɚɧɧɵɯ 
ɚɥɝɨɪɢɬɦɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɗɬɢ ɞɚɧɧɵɟ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɚɥɝɨɪɢɬɦɵ ɫɩɭɫɤɚ ɫɭɳɟɫɬɜɟɧɧɨ 
ɜɵɢɝɪɵɜɚɸɬ ɩɨ ɨɛɴɟɦɭ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɟɛɨɪɧɵɦ ɚɥɝɨɪɢɬɦɨɦ. 
ɁȺɄɅɘɑȿɇɂȿ 
ɉɪɟɞɥɨɠɟɧ ɷɮɮɟɤɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɚɰɢɢ 
ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɦɨɞɭɥɟɣ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɦɧɨɝɨɦɟɪɧɵɯ ɥɢɧɟɣɧɵɯ 
ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɦɨɞɟɥɟɣ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɩɭɫɤ ɩɨ ɭɡɥɨɜɵɦ ɬɨɱɤɚɦ. ɉɪɢɱɟɦ ɧɚɩɪɚɜɥɟɧɢɟ 
ɫɩɭɫɤɚ ɡɚɞɚɟɬɫɹ ɩɨ ɭɡɥɨɜɵɦ ɩɪɹɦɵɦ. ɇɚɯɨɠɞɟɧɢɟ 
ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɢɦɟɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ, 
ɫɪɚɜɧɢɦɵɟ ɫ ɦɟɬɨɞɨɦ ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ. 
Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ 
ɨɛɨɛɳɟɧɧɨɝɨ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɦɨɞɭɥɟɣ. 
Ȼɵɫɬɪɨɞɟɣɫɬɜɢɟ ɚɥɝɨɪɢɬɦɚ ɫɩɭɫɤɚ ɩɨ ɭɡɥɨɜɵɦ 
ɬɨɱɤɚɦ ɦɨɠɟɬ ɛɵɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɨ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ, 
ɝɪɚɧɬ № 16-06-00048ɚ. 
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